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BLDC Shield TLE9563-3QX

About this document

Scope and purpose

This user manual describes the BLDC shield with the TLE9563-3QX. This document provides detailed
information on the board’s content, layout and use. It should be used in conjunction with the TLE9563-3QX
datasheet, which contains full technical details on the device specification and operation.

Intended audience

This document is intended for users who develop applications with the TLE956x family.
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1 Introduction

The TLE9653-3QX evaluation board is intended to provide a simple and easy-to-use tool for getting familiar
with the device features and for first application tests.

The evaluation board can be used wither with a ulO-stick, or with an Arduino Uno.

The ulO-stick is the interface between the PC and the application board such as the TLE9563-3QX.
The TLE9563-3QX SPI communication is emulated by the ulO-stick, which is controlled by the PC software.

The board of the TLE9563-3QX has a connector for the ulO-stick, connectors for the power supply, three
connector for the motor output. And an active reverse battery protection with IPZ40N4S5L-2R8.

User manual Please read the Important Notice and Warnings at the end of this document V1.0
www.infineon.com page 1 of 22 2020-06-23



BLDC Shield TLE9563-3QX ( iﬂ]eon

Figure 1 TLE9563-3QX Eval. Board concept
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" The ulO stick must be ordered separately - SP001215532
Details about the ulO stick can be found hear: www.hitex.com/ulO
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2  Hardware description

2.1 Hardware

The TLE9563-3QX evaluation board is designed to be compatible with the ulO-stick. The ulO-stick plugs into the
TLE9563-3QX main board via a 16-pin header, and allows an easy interface to the microcontroller via USB for
SPl communication.

Figure 2 TLE9563-3QX evaluation board: Overview
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Figure 3 TLE9563-3QX evaluation board
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Figure 4 TLE9563-3QX evaluation board
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Figure 5 TLE9563-3QX evaluation board: Jumper settings 1/3

Test-Mode jumper:

Set jumper: pull-down PWM1 activates the
software development mode
OOOO()O[O OOOOOOOO
.., - A Mg,
Fu

g €
f‘, -'”

VCC1 LED Switch:

Set jumper to connect
the LED with 5V

e Test-Mode jumper: Software Development Mode is a dedicated SBC configuration especially useful for
software development. When the jumper is set, the watchdog is disabled.

Attention: The ulO stick does not refresh the watchdog. Therefore, for a correct operation with the ulO
stick, the Jumper for Test Mode must be placed in order to enable the software development
mode and to deactivate the watchdog
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Figure 6 TLE9563-3QX evaluation board: Jumper settings 2/3
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Figure 7 TLE9563-3QX evaluation board
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Figure 8 TLE9563-3QX evaluation board: Arduino connectors
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Figure 10
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Figure 12
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2.3 Layout

Figure 13 Top layer with overlay

Figure 14 Bottom layer with overlay
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Figure 15 Inner layer - GND
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2.4 Bill of Material

Figure 16 Bill of Material

Designator Value Manufacturer Description Quantity
U2 TLE9563 Infineon Technologies Motor System IC - BLDC CAN 1
_ . OptiMOS-5 N-Channel Enhancement Mode
a2 IFZ40N0455L-2RE Infineon Technaologies Power-Transistor, VDS 40V, 10 408 1
O4, a5, as IAUCBONOLS6N031H Infineon Technologies 3
L1 TDK SPM10065VT TDK Corporation 1 pH inductor, Isat20=27 A 1
U1 LM3390T Quad comparatar 1
D4 BZT52C125-7-F Surface Mount Zener Diode 1
D3 BAE52-02V Infineon Technologies Silicon Schottky Diode 1
Q1 BCB17K-40 Infineon Technologies MPN Silicon AF Transistor 1
C18 10u/50V Surface I".-!u:uunt Ceramic Capacitor, 1
Commercial Grade, 10 uF
x5 5001 Test Point THT, Black 1
R33 EmRS2W Shunt resistor 0.005R,/2W /1% 1
05 MBROSED-TP Schottky Rectifier, 0.54/60V 1
C13 2.2n/16V Chip Monolithic Ceramic Capacitor 1
C14 1.5n/16V Chip Monolithic Ceramic Capacitor 1
C22,C23 22n/16V Chip Monolithic Ceramic Capacitor 2
Ce £80u/35V Aluminum Electrolytic Capacitors 1
c1g 100u/35V Surfac_e Mount Aluminium Electrolytic ;
Capacitor
R2E OR OR/50V 1
. Multilayer Ceramic Chip Capacitor,
€2, c12 470n/50V TDK Corporation Automotive Grade, Soft Termination 2
C3, C4, C5 68n/50V TOK Corporation Multilayer Ceramic Chip Capacitor, 3

Automotive Grade, Soft Termination

Multilayer Ceramic Chip Capacitor,
C7, €26 2.2u/16V TDK Corporation Ve P -apacitor, 2
Automotive Grade, Soft Termination

IMultil C icChip G it
c10, C11 220n/50V TDK Corparation ultiiayer Leramic Lhip Lapacitor, 2
Automotive Grade, Soft Termination

Chip Multilayer Ceramic Capacitor £
£25 47n/50V TOK Corparation P Multiiayer Leramic Lapacitor for 1
General Purpose

Chip Multilayer Ceramic Capacitor for

C1, C8, €9, €15, C16, €17, C20, |100n,/50V TDK Corporation General Purpose, Surface Mount Ceramic B
C24 Capacitor Automotive Grade

R1, R2, R3, R4, R5, R, RB, RY,

R10, R11, R12, R13, R30, R31, (10k Standard Thick Film Chip Resistor 15
R44, R4S, R46, R47, R4R

RE 5.3k Standard Thick Film Chip Resistor 1

R14, R19, R34, R35, R36, R37,

R3S, R33, R0 1k Standard Thick Film Chip Resistor 9
R15, R16, R17 330R/0.5W Standard Thick Film Chip Resistor 3
R1B 470R Standard Thick Film Chip Resistor 1
R20 49 9R Standard Thick Film Chip Resistor 1
R21, R22, R23, R24, R25, R26 [10R Standard Thick Film Chip Resistor B
R27, R32 4.7R Standard Thick Film Chip Resistor 2
R29 100k Standard Thick Film Chip Resistor 1
R41, R42, R43 33R Standard Thick Film Chip Resistor 3
R50, R51 b2 Standard Thick Film Chip Resistor 2
51 450301014042 10w2.5mm THT WS-S5LTV 1
52 434153017835 3.5x2.9mm SMD J-Bend WS-TASV, height 1.7 3
mm, 350 gf
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3 Start and ulO stick programmation

The ulO stick requires a firmware supporting the GUI (Graphic user interface)

3.1 Download the Graphic User Interface for the ulO stick
The GUl is installed the Infineon Toolbox following the steps below:

1. Go to: www.infineon.com/toolbox

2. Follow the instructions provided on the toolbox installation webpage. Also see the “Download Getting
Started Infineon Toolbox Guide” link for des additional user information

3. Launch the Infineon Toolbox on your PC:

4. Select Manage Tools

5. Search and install the tool: Config Wizard for Motor System IC
6. Start the Config Wizard for Motor System IC

7. Clickon TLE9563

3.2 Configuration Wizard for TLE9563-3QX

The first utilization of the ulO stick in combination of the GUI for the TLE9563 requires the programmation of
the ulO stick:

1. Connect the ulO stick to the USB port
2. Menu Extra

3. Update ulO

4, Click Yes (refer Figure 17)

Figure 17 Updating the ulO

8] Infineon ConfigWizard @

ul0 is currently connected.
! After updating ulO the device connected to ulQ must be re-initialized.
Do You want to continue ?

5. Select ul0.V222.hex and open (the valid version at the creation time of the document)
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4 Config Wizard - Control tabs

Figure 18 The two main tabs SBC, Bridge Driver

(- SBC: Overview - selected in this view
(- Bridge Driver:

| SBC |!tmpn-m] l
X TR o T o msation Pin Status

o uli Stick connected o Target IC accessable ulD Fimware Viersion: 2 . 2 . 2

RD Fin acthvabed

4.1 SBC

Figure 19 Connection Status/ Signaling Pin Status

- Green LED: Communication between the ulO stick and the TLE9563-QX is connected
and is working

Target IC accessible:
- Firmware version of the connected ulO

- RO Pin activated:

il

SBC ] Bridge Driver

Connection Status | Signalisation Pin Status

o ulO Stick connected o Target IC accessable ulO Fimware Version: 2 . 2 . 2

S ——

RO Pin activated

Figure 20 Overview of the SBC tab
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) »  Connection Status / Signaling Pin Status
E »  Control Function
» 1. Wake-up (WK) 2. PWM/Interrupt 3. HS1-HS3 4. Timer/BUS
(] » SBCStatus
SEC | Bridge Driver | SBC status |8 Stahus |
Connertion State | Sionalcation Pin St y Supply Status 1 Supply Status 2 Bus Status
[O 0 Sk conneced [ E— O Fimware Vesion: 2. 2. 2 — :::% © Z.W. © :: © :ﬁ
g PTS— O ™m O vaisuv O ow O voww
e | | | e || P E— o | S
& Pomal ) nessso Resal Theashold [V I RO triggered by Sot Resst asm aEm e
: st : e s - Lo Device Status Wake Level Status- Wake Status M5 OC/OT/OL Stats
o o e I Sample and Hold Disable ) crestar 0 waan O wnw O
= et Qﬂﬂ'ﬂ T 0 @cran 0 mvER2wu O o
‘;:‘:Jm?m-muw | M54 | Temesjour | ® cowrer ! : :j:
W4 Fiter veus | ks Enatle W ON WA Pull Device: o asw ‘ : :::
Figure 21 SBC: Control function
For example: ,Sleep/Fs” -> ,Normal” check ulO connection and press ,NORMAL"
: > Product identifier
Control Function
(Mu-ade \ et \ Others
NORMAL | SLEEP sToP Soft Reset LR ™ TSD2 min wit 64sec
@ Homal ) Tueosso Reset Threshold |"'"‘ - [~ RO triggered by Soft Reset
) Steep  £5 ) neasen I Reset Delay 25
) swp ) nessez R Hons =l | .
() sot Reset @ nesse: i
[~ vs_ov 3w
1\ Y\ & v/

Figure 22
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pwwlnteruge | HS1-HS3 | Times/eus |
o

> Wake-up

16as =] wanable [ on =] s o Do None
Viake-up iwmﬂnrano« iasx~ns: | Timerfgus |
PWM Interrupt Mask Control
[V Period INTN enable:
PWMiFreq @ 100Hz ( 200Hz PWM1DC 0.0% o oM
[V WD n SOM INT enable
PWM2Freq @ 100Hz  200Hz PWM2DC 0.0 % 3: [~ SPICRCFALL INT enable.
I B0 STAT INT enable
PWM3Freq @ 100Hz  200Hz | | PWM3DC 0.0% = Fcn e £ PWM/InteI’rupt
I™ BUS STAT INT enable.
PWM4Freq @ 100Hz  200Hz PWM4DC 0.0 % [~ TEMP STAT INT enable
I SUPPLY STAT INT enable
Wakeup | PWMinterrupt  HS1-HS3  TmerUs | 8
HS1-HS3
I sW Recovery HS1 after OV I shutdown disable HS1 0V . -
1 >
I™ SW Recovery HS2 after OV I™ shutdown disable HS2 OV S
I sW Recovery HS3 after OV I Shutdown disable HS3 OV
Hs2 off 2
I sW Recovery after U I™" Shutdown disabled on supply OV in Stop or Sleep HS1 —HS3
I Individual Shutdown at OT I shutdown disabled on supply UV
HS3 off -
r—
Wake-up | PWM/Interrupt | HS1-HS3 lfm/ms ’
Tiner BUS Configuration
Timer 1 Period 10ms 6.4
CAN |OFF >
Timer10n-Time oFF -
Terzpered ome - > Timer/BUS
Timer2 On-Time JOFF -
Cycic Wake [Disabled -
.
Figure 23 SBC Status
P Sueely s 2 (o sans ) ( ] » Thermal Status:
) por 0 vsuv 0 oL
) o s & vsov ) o
) vsnsuv 0 ow 0 venwr
O vesov O wasc C—J > Supply Status 1:
) vant o 0 woiw
) vant ov O waov
) vee1 warn
>  Supply Status 2:
CLEAR QLEAR
S L vy
Device Siats. Wake T W\ HECCIOT/OL Stats
) cresTar 0 wxiva 0 camwu ) ussor
0 ccran 0 TRz wu © wsaor E ? Bus Status:
) pevstan ) TmEr1 wu O weror
o o
DEV STATD WA WU O rso
@ sec swoev - )
O s vezoL [ » Device Status:
) ranuee @ o
) msaoc
=
0 ma20c
O worams © w0 [ » Wake Level Status:
) worano CLEAR
CLEAR CLEAR

A — L

CLEAR SBC STATUS

STOP PERIODICAL READ OF STATUS REGISTER

» Clear SBC Status:

Wake Status :

HS OC/OT/OL Status:

Figure 24
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4 | )
SBC Status HE Status D . . . . .
o e > PWM Switching Characteristics:
Config. TOON  Config. TOOFF  EH.TDON B, TDOFF M. TRISE  EXf. TFALL
PWMCh1 639,60 639,605 ors: s ors ons
PWMCh2 639,60 639,605 o s ons ons =
(o oo oo m e w w ) [ » Current Sense Amplifier (CSA)
[~ Current Serise Amp. (CSA) A
Current Voo = 25v
RSHUNT ['5.00 mokm =] ) » GEN Status
ok Curent, —i /
/7 GEN Stats S\ 1D REG AT =
) nevouT & roocast ) csaoc
» TD REG
) wezvouT & roowzst ) VSINTOOVBRAKE 5T
) weivour @ roowcist ) vsoveRAKE ST
) pwmesTAT @ woxast ) 153050V R
) pwMssTAT @ o ) 15050V BRx
( ] » DSOV
O PWMASTAT & woscist £ si0sov e
) pwsTAT 0 Tores 0 1s3s0¢
0 PmzsTAT 0 TR 0 wswsov
) mmisTAT ) ToReG ) sapsov
0 mswsov
0 1stosov
) wsiwsov
CLEAR CLEAR CLEAR
\
[ CLEAR DIAGNOSTIC BD STATUS STOP PERIODICAL READ OF STATUS REGISTER
J

(1 » Clear Diagnostic Bridge Driver (BD) Status

4.2 Bridge Driver
Figure 25 Bridge Driver: 1% Tab - General, CSA, VDS Monitoring (Mon)

N —
ﬁeﬂrd!c:d.'tosnw | 'HEMODE [Brake | TOON/TDOFF | m:m%ﬂ
€54 contral

Ext. PW¥M Generaion via w0tk General Bndge Contrel L5/HS Drain Curent

T one e cmme G e frecs] e fe S 7], On-Board PWM Generator
bs1ovTresholt [oov v

M eam3 meyc [sw hreshoid 1 =
52 0v Thrashold  [0.20v =] .
O el =] (1 » General Bridge Control
Fewms o [50% = M o mosrer rogc Level =
J.53 OV Threshold 0. 20% =
I~ single fautn P suto switch over 5OV Filter Teme [ s =]
e e T~ BROV recover from OV L
T 2 staps adagton of prechargesbredschargs cument || ¥ C54 diabled Hecp sdophaon st
— »  CSA Control
AdagtiveGate Convel  [Dinabled =l | =1 | 510 Thweshoid [0.20v =
™ Charge Pump Enable: Gun of Curent Sensse [ty =] | [HS2OV Theeshaid  [0.20v B

I Postcharge deable .
I st e o pukeiats P — (] » LS/HS Drain Current

™ Detextion of actve/PW Mosfet

Figure 26 Bridge Driver: 2" Tab - Blank/ CCP time, HBMODE, Brake, TDON/ TDOFF Timing
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SC Bidge Orver |

- 2 tme | PR feaggfet Drt- Lirrents |
fmr-;com \ fm,‘nmgnmww\ Brakn TOON / TOOFF Timing

r
TELANK ACTIVE 181 |2.45us B | e Passve OFF > L51 Disable in SLAM

[ I 152 Dssbie n SLAM ooutay preirind R
¥ Act Freewheeing H81 H H
e e [ I soubensm 3 » Blank time/ CCP time
™ s acve 100N B2 054us .
TRAKACTIE 162 205 ] VDS OVErake 513 & 800mY  20mY
HE2 Mode Passive OFf bt
b 100183 ooes o] .
2 - - )
LI S e | [ — o (] » HBMODE / Pre-charge time;
- 2 A
emitos I n PR T Pre-discharge time
TAKACTRE s [2eks -]
I™ OV Brake enable
TCPACTNE 183 [2.46 1 | Midand Passve OFf ) D0FF 182 0.64us -
Bt 5 OV Brake Hysteress  [yster = ) Bra ke
TRANKACTIVE FW1 [2.4508 =] | T pwres \DOFF HE3 064w -
| ovemeTveas [V -
TOOP ACTIVE_PW1  |2.45us ot

|| E ] () » TDON timing/ TDOFF timing
TAKACTVE FW2 [26m <] | | PrechwgeTmere2 [ions o]

Precharge T v
Te e w2 (245 | i L -

0 Tese 81 [ 13008 =

TBUANK ACTIVE P [2.450s -
< Y| | eredscharge Tme 2 [130ns -

e AcTvE P [2.45 =4 | Predacherge Time 83 [120ns -
\ ;EL
N - I < -

Figure 27 Bridge Driver: 3" Tab - MOSFET Drive Currents

/g:.m.m;m \'\' o i ieiinininll B, N < S — || () > Static charge current/
cumreiicne  [am | static discharge current
81 m Precharge M1 Iné 12mi =
Charge HEZ Active: 12ma hd
. e — .
e (i () » Pre-charge initial/
- S pre-discharge initial
Precharge HE2 Init 12maA P L m
\"= e 3 et B ! > PWM charge current/
Pubcegiit [ ) |eeids s e = PWM discharge current
ﬁ‘mmﬂe\m
81 | [s2.1m8 /3808 =] || erechwpergiiine 12ma N chegpetepermiew  [zea ¥]
HB2 inaA  BEms - Charpe/Discharge FEZFW  [12ma - D » PWM max. PrE'Chargel
- ErrvErra s [ | - »  PWM max. Pre-discharge
I~ 810 state pll-down
I 02 offstate pul-down
e () » 32.1 mA: Pre-charge/
_ I y | 29.8 mA: Pre-discharge
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IMPORTANT NOTICE

The information contained in this application note is
given as a hint for the implementation of the product
only and shall in no event be regarded as a
description or warranty of a certain functionality,
condition or quality of the product. Before
implementation of the product, the recipient of this
application note must verify any function and other
technical information given herein in the real
application. Infineon Technologies hereby disclaims
any and all warranties and liabilities of any kind
(including without limitation warranties of non-
infringement of intellectual property rights of any
third party) with respect to any and all information
given in this application note.

The data contained in this document is exclusively
intended for technically trained staff. It is the
responsibility of customer’s technical departments
to evaluate the suitability of the product for the
intended application and the completeness of the
product information given in this document with
respect to such application.

For further information on the product, technology
delivery terms and conditions and prices please
contact your nearest Infineon Technologies office
(www.infineon.com).

WARNINGS

Due to technical requirements products may contair
dangerous substances. For information on the types
in question please contact your nearest Infineor
Technologies office.

Except as otherwise explicitly approved by Infineor
Technologies in a written document signed by
authorized representatives of Infineor
Technologies, Infineon Technologies’ products may
not be used in any applications where a failure of the
product or any consequences of the use thereof car
reasonably be expected to result in personal injury.
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